QUESTION 1:
Which neurological assessment tools have demonstrated internal reliability and validity in the management of patients with thoracic and lumbar fractures (ie, do these instruments provide consistent information between different care providers)? RECOMMENDATION 1: Numerous neurologic assessment scales (Functional Independence Measure, Sunnybrook Cord Injury Scale and Frankel Scale for Spinal Cord Injury) have demonstrated internal reliability and validity in the management of patients with thoracic and lumbar fractures. Unfortunately, other contemporaneous measurement scales (ie, American Spinal Cord Injury Association Impairment Scale) have not been specifically studied in patients with thoracic and lumbar fractures. Strength of Recommendation: Grade C QUESTION 2: Are there any clinical findings (eg, presenting neurological grade/function) in patients with thoracic and lumbar fractures that can assist in predicting clinical outcomes? RECOMMENDATION 2: Entry American Spinal Injury Association Impairment Scale grade, sacral sensation, ankle spasticity, urethral and rectal sphincter function, and AbH motor function can be used to predict neurological function and outcome in patients with thoracic and lumbar fractures (Table I https://www.cns.org/guideline-chapters/ congress-neurological-surgeons-systematic-review-evidence-based-guidelines/chapter_ 4_table1). Strength of Recommendation: Grade B The full version of the guideline can be reviewed at: https://www.cns.org/guidelinechapters/congress-neurological-surgeons-systematic-review-evidence-based-guidelines/ chapter_4. www.neurosurgery-online.com T raumatic thoracic and lumbar fractures with or without neurological deficits are less common injuries that typically have been included with all traumatic spine fractures due to their lower prevalence. However, these injuries have unique features in terms of their ABBREVIATIONS: AbH, abductor halluces; AIS, ASIA Impairment Scale; FIM, Functional Independence Measure; SCI, spinal cord injury mechanism of injury, recovery, and neurologic outcomes due to the presence of both upper and lower motor injuries. The objective of this study was to identify neurologic signs and assessment tools that aid in the evaluation and treatment of patients with traumatic thoracic and lumbar fractures.
Variability exists even for these fractures due to the unique biomechanics based on fracture location, association with surrounding anatomical structures, and an individual patient's demographics. Overall, patient outcomes are based on numerous factors; however, the patient's neurologic status will have a significant impact on their prognosis and quality of life. Therefore, this clinical practice guideline focuses on the literature regarding neurologic assessment tools for thoracic and lumbar fractures and sought to evaluate the literature with respect to the following question: Which neurological assessment tools have demonstrated internal reliability and validity in the management of patients with thoracic and lumbar fractures? And are there any clinical findings (eg, presenting neurological grade/function) in patients with thoracic and lumbar fractures that can assist in predicting clinical outcomes?
METHODS
Details of the systematic literature review are provided in the full text of this guideline (https://www.cns.org/guideline-chapters/ congress-neurological-surgeons-systematic-review-evidence-basedguidelines/chapter_4) and in the methodology (https://www.cns.org/ guideline-chapters/congress-neurological-surgeons-systematic-reviewevidence-based-guidelines/chapter_1) article of this guideline series. The guidelines task force initiated a systematic review of the literature relevant to the diagnosis and treatment of patients with thoracolumbar trauma. The National Library of Medicine PubMed database and the Cochrane Library were searched for the period from January 1, 1946, to March 31, 2015, using the MeSH subject headings and related keywords.
RESULTS
A total of 1195 abstracts were identified. Task force members reviewed all abstracts yielded from the literature search and identified 79 full-text articles for review. Of these, 66 were rejected for not meeting inclusion criteria or for being off-topic. Thirteen articles were selected for inclusion in this systematic review. Three articles addressed the question of which neurological assessment tools have demonstrated internal reliability and validity in the management of patients with thoracic and lumbar fractures, and 10 articles addressed the question of whether there are any clinical findings in patients with thoracic and lumbar fractures that can assist in predicting clinical outcomes.
DISCUSSION
Numerous neurological assessment scales (Functional Independence Measure [FIM], Sunnybrook Cord Injury Scale, and Frankel Scale for Spinal Cord Injury (SCI)) have demonstrated internal reliability and validity in the management of patients with thoracic and lumbar fractures. However, entry ASIA Impairment Scale (AIS) grade, sacral sensation, ankle spasticity, urethral and rectal sphincter function, and abductor hallucis (AbH) motor function can be used to predict neurological function and outcome in patients with thoracic and lumbar fractures.
Davis et al 1 performed a prospective review of 43 thoracic and lumbar patients and evaluated the reliability of the Frankel and Sunnybrook scales. Although the inter-rater reliability was high with both scales, ranging from 94% to 100%, there was better agreement in terms of inter-rater reliability with the Frankel scale over the Sunnybrook scale. Both scales were deemed insensitive in that significant recovery in a patient's motor, sensory, bladder, or walking functions occurred without any change in their scale.
Beck et al 2 reviewed 56 traumatic thoracic and lumbar patients and concluded that a thoracic SCI patient's disposition could be based on the level of spine injury and the completeness of SCI alone using the FIM assessment tool. Barbetta 
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Benzel and Larson 9 retrospectively reviewed 105 anteriorly decompressed and fused cases of thoracic and lumbar fractures and noted that none of the 34 patients with complete motor and sensory loss had any return of function. McLain 7 retrospectively reviewed the return to work status at 5-yr followup after injury and used the Frankel grade on 70 thoracic, thoracolumbar, and lumbar spine fractures that had a variety of operative treatments. The authors also reported that the patient's neurological injury had a greater impact on functional outcome over any other variable. 7 Dobran et al 5 further noted that the neurological examination or admission ASIA grade of patients undergoing a posterior approach for thoracolumbar fractures was the strongest predictive factor of neurological improvement in univariate analysis (P = .0005). These authors in an additional multivariate analysis reported that preoperative neurological status (P = .0491) and the fracture type (P = .049) had a positive predictive value on neurological outcome.
Harrop et al 6 retrospectively reviewed 94 spine trauma patients and categorized them by the level of injury as thoracic (T4-9), thoracolumbar (T10-T12), and lumbar SCI, and noted that the lumbar or conus injuries had the greatest neurologic recovery as graded by the ASIA classification. They attributed the improved recovery to the higher concentration of lower motor neurons and the ability of the neurons to develop "root escape." 6 Kingwell et al 10 also illustrated that the anatomic level of injury based on neurological examination is a better predictor of recovery than the magnetic resonance imaging fracture location. Schouten et al 8 noted in these 126 cases, patients with neurological injuries graded by the ASIA classification had worse outcome measures.
In addition to the larger retrospective series on neurological injury and outcome, several authors have identified clinical indications and neurological recovery. [10] [11] [12] [13] [14] Overall, the authors concluded that in thoracolumbar fracture patients with neurological deficits, ankle spasticity is highly accurate in predicting neurogenic bladder dysfunction. 12 
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13 prospectively examined 63 patients with thoracolumbar fractures and SCI using the ASIA protocol and urodynamics. Seven patients recovered from their neuropathic voiding disorders, and there was a significant correlation between the reappearance of a voluntary external anal/urethral sphincter contraction and bladder recovery (P < .0l). In a later report, Schurch et al 14 noted that in thoracolumbar SCI patients, pinprick sensation in the perineal area is of negative predictive value. Specifically, the absence of pinprick sensation predicts poor bladder recovery.
CONCLUSION
There is limited research and literature that focuses specifically on thoracic and lumbar fracture patients. Despite these limitations, there are numerous neurological assessment scales (FIM, Sunnybrook, and Frankel) that have demonstrated internal reliability and validity in the management of patients with thoracic and lumbar fractures. Unfortunately, other contemporaneous measurement scales (ie, ASIA) have not been specifically studied in patients with thoracic and lumbar fractures. However, entry AIS grade, sacral sensation, ankle spasticity, urethral and rectal sphincter function, and AbH motor function can be used to predict neurological function and outcome in these patients.
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